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Abstract 
Research advantages of the three main technologies and targets of wetland restoration in coal mine areas including 
wastewater treatment, landscape and ecosystem establishment and fish farming were summarized in the article. By 
using fly ash as matrix, assembling phytoplankton and algae and controlling hydraulic conditions, constructed 
wetlands for wastewater treatment were built based on absorption by plants and biochemical effects by 
microorganism to treat acrid water with heavy mental concentration. Landscape and ecosystem restoration should 
take account of regional characteristics to build wetland parks and integrated ecosystem for both landscape and 
protection and restoration of biodiversity. Fish farming should be built based on appropriate water quality and take 
tests on selected fish species to assess feasibility and economic benefits in coal mine areas. 
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1. Introduction 
Coal mining can generate new wetlands by subsidence and destroy existing ones. Water inputs of new 
wetlands in subsidence area include accumulated rainfall, exposed groundwater and coal mine drainage. 
Affected by coal gangue solution, coal dressing water, coal mine drainage, closed water environment and 
alteration of hydrological cycle of existing wetlands, wetlands in subsidence area are always 
characterized by heavy water pollution. They are registered as low PH values, high concentration of 
Sulfur and Iron [i]. The self degradation capacity is low for low hydrological cycle speed. Sewage in coal 
mine area and disorder development of aquaculture which caused high N, P, SS, organic pollutants and 
pathogens are other problems. 
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Most wetlands in coal mine area formed in recent years are young ones, with poor connectivity with 
the natural surface water cycle system. There are little organisms and the stable ecosystems have not 
formed. The pollution of wetlands also affects lives of animals and vegetations. Batty et al. [ii] has 
studied the number of species in natural water and arid water of wetlands in coal mine areas and analyzed 
the simplicity  and weakness of the ecosystem by investigating influences of PH value and metal 
concentration to invertebrates. 
Subsidence areas were increasing about 650hm² each year in China [iii] and cause wetlands in humid 
region. In order to make use of subsidence areas reasonably, key technologies and restoration goals 
should be studied. Wetland restoration technologies and objectives were summarized and analyzed from 
wastewater treatment, landscape and ecosystem establishment and fish farming as follows. 
2. Study on constructed wetlands for purification in coal mine areas  
Considering high concentration of Sulfur and Iron, low PH value of water in wetlands in coal mine 
areas, the conventional treatment approaches for wastewater are chemical sediment and electrolysis, ion 
exchange, membrane separation, bio-flocculation and biosorption. These traditional methods have got 
pretty good effects but always take high cost, complicated management and cannot treat sewage and 
mining water simultaneously. Constructed wetlands based on natural ones in coal mine areas to treat 
wastewater have been considered in many countries. 
Methods for wastewater treatment with constructed wetlands in coal mine areas have been developed 
extensively and become more mature in recent years. Dorothy et al. [iv] have studied attenuation and diel 
cycling of coal-mine drainage constituents in a passive treatment wetland of Lambert Run, West Virginia 
of the USA. In the treatment ecosystem, the coal mine drainage from portal flowed through and adjacent 
to a natural wetland before entering Lambert Run; mine drainage mixed with output from a steel-slag 
leach bed which was used to treat discharge from a nearby freshwater pond with waste slag; the 
freshwater could add alkalinity to the system; the mixed water flowed into the first wetlands with water 
depth of 15-30cm and emergent and large plant including cattails and reeds; then water flowed into the 
second wetland with water depth of 30-60cm and submerged algae; water from the second wetland was 
discharged to Lambert Run. The investigated result showed that PH value of drainage increased, Na, K, 
Ca, Mn decreased 20% and Al, Fe decreased 90% in some samples. Kimberly et al. [v] established a 
model to assess iron loading rates and economic value and efficiency of remove mining pollutants of 
constructed wetlands in coal mine areas. The model was used in Ohio, Tennessee and Alabama of the 
USA, and it was concluded that the cost of wetland treatment was less than that of conventional for iron 
loading rates between 20-25g Fe m-2 day-1 and removal efficiencies less than 85%. R. Kelman et al. [vi] 
analyzed effects of 142 constructed wetlands for treating AMD (arid mine drainage) in the eastern USA  
and concluded that treatment efficiencies for H+, acidity, Fe, Al, Mn and SO42- of at least 68,67,81,48,34 
and 8% respectively in 50% of constructed wetlands. Wendy et al. [vii ] constructed 6 wetlands by 
125m*10m in BHP Australia coal to treat coal mining wastewater under low rainfall and high evaporation 
environment and analyzed the effect of evaporation for treatment efficiency by covered and open surface 
method; Results showed that PH values had increased from 3.3 to 5.4~6.7 and concentration of sulfate 
had reduced obviously.  
There are 118 resource-dependent cities in China and 63 of them are coal mine cities. In the Jianghuai 
plain, wetlands caused by coal mining are prominent based on the shallow groundwater table. The coal 
mine drainage and sewage generated pollutants in wetlands and restoration of wetlands is major objective 
of ecological restoration in coal mine areas. Using constructed wetlands to restore water environment in 
coal mine areas has become a key research in China. Wang et al. [iii] analyzed the feasibility of treating 
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coal mine drainage using constructed wetlands in Pingdingshan Coal based on biodegradability of mixed 
water of coal mine drainage and sewage. Fly ash was a material of detached solid polymer with porous, 
its specific surface was between 2500~5000cm³/g; it could be used as wetland matrix to provide places 
for biosorption; it could also be used as fertilizer to provide nice environment for growth and 
reproduction of nitrifying and denitrifying bacteria which were beneficial to remove N; high active CaO, 
Al2O3 and Fe2O3 in fly ash can induce absorption which were beneficial to remove P.  Zhang et al. [viii] 
discussed feasibility of constructing wetlands to treat water pollutants in Chongqing coal mine area. In 
addition to constructing technology of wetlands, sub-tropical climate in this area was benificial to 
treatment efficiency in winter. Lv et al. [ix] studied phytoremediation technology in restoration of water 
polluted by heavy metals in coal mine area of Nan Hu in Tangshan of Hebei province. Advantages of 
phytoremediation technology were  absorption and filtration of heavy metal by developed roots and 
microbial activity which can transform heavy metal to low toxic production by affinity between heavy 
metal and microorganism. 
3. Study on landscape and ecosystem restoration for wetlands in coal mine area 
Coal mining in urban and suburban areas destroys not only land, vegetation and water, but also 
landscape of city and living environment of residents. Along with the concept of constructing ecological 
city and improving environmental demand of people, constructing landscape restoration of wetlands in 
coal mine areas becomes hot research point of coal mine area restoration. The restoration of landscape for 
wetlands in coal mine areas near urban and suburban areas increases habitat environment. Landscape 
restoration for young wetlands in coal mine areas is always restored together with ecosystem. 
Landscape restoration for wetlands in coal mine areas has got good effect in some countries. 
According to EC WFD (Water Framework Directive), Brigitte et al. [x] discussed the wetlands restoration 
of coal mine area in Lusatia, Germany and recommended that extremely acidic lakes should remain in the 
acidic state to protect these as valuable ecosystems, whereas moderately and weakly acidic lakes could be 
managed by external flooding, chemical or ecotechnological measures to achieve neutral water quality 
conditions necessary for recreation or fishery use. In Jacobs Ranch Coal Mine [xi] , restoration of coal 
mine wetlands built landscape, as well as habitat for animals and plants including waterfowl, antelope and 
elk in Indonesia.  
There were many examples in China of landscape establishment for wetlands in coal mine areas. Panji 
coal mine in Anhui province [xii] has developed a mode of “agriculture + recreation” based on big, deep 
and high quality of water in wetlands and entertainment equipment were put into water, pavilion courts 
were built and trees were planted along the bank. It built a new mode of reclamation of coal mine area 
from production to service. Jiulihu coal mine [xiii] in Xuzhou of Jiangsu province developed the Jiulihu 
ecological system with ecology, landscape and entertainment by channelizing, excavation and 
management of ponds based on existing ones. It not only achieved the restoration of abandoned coal mine 
area but also promoted the biological diversity. Based on wetlands caused by subsidence in coal mine 
area in Tangshan of Hebei province, landscape region were built in lakefront by improving fly ash pond, 
coal gangue and abandoned land with landscaping. Broad lake, together with natural wetland and pleasant 
landscape formed Nanhu Wetland Park. In addition, types of emergent plants, floating plants and 
submerged hydrophytes reached about 40 species and animals and fish reached about 30 species. It owed 
main species of regional wetland ecosystem. Huaibei in Anhui province has built Nanhu National City 
Wetland Park, East Lake Park etc. in coal mine subsidence areas which provided beautiful environment 
and achieved wetland restoration of abandoned coal mine area. 
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4. Study on fish farming for wetlands in coal mine area 
Constructed wetlands in coal mine areas improve water quality and develop fish farming in these 
wetlands which can increase income of residents in coal mine area and reach ecological restoration of 
coal mine subsidence areas, so using constructed wetlands in coal mine areas has become hot topic of 
restoration in coal mine areas. Mallo et al. [xiv] developed fish farming test of wetland in coal mine area in 
Pampasian Region, southeast of Buenos Aires, Argentina. The wetland in Paso de Piedra mine which was 
near to urban was taken by investigating dissolved oxygen, temperature, salinity conductivity, turbidity, 
pH value, nutrients, photosynthetic pigments, particulate organic material, and plankton assemblages; 
pejerrey which was normal in local was taken as testing species; based on fed record, 38 specimens were 
captured after 24 months and the mean total length was 38.15±0.22cm with growth rate of 196% while 
mean total weight was 520.50±0.8g with growth rate of 2,383%.Matthew et al. [xv] and Gerard et al. [xvi] 
introduced the safety and reliability of fish farming in coal mine area in West Virginia, the USA and 
concluded that water sources accumulated in some coal mine area were clean enough to raise fish and by 
channeling water from the mines or adapting treatment facilities into farms, some dozen potential mine 
sites could supply water for large-scale fish farming-enough for about 45 tons (100,000 pounds) of fish 
per year. Fred et al. [xvii] discussed social equity, economic vitality and environmental integrity of mining 
communities by building commercial, recreational or ornamental fish farms based on sustainable 
development, and introduced the fish farm built in copper mine in Germany and gold mine in Brizial 
which supplied experience for fish farm built in coal mine areas. Fish raised in copper area in Germany 
was comprared with that raised in clean lakes and concluded that indicator of Cu, Zn, mercury and Fe 
were similar; although Fe was a little high, but it was not dangerous to health. Meticulous monitoring test 
was undertaken to assess mercury of fish raised in gold mine area and concluded that the concentration of 
mercury of tambaqui is 0.04~0.06ppm which was far lower than that pubilished by World Health 
Organization of 0.5ppm. 
Developing fish farming in wetlands in coal mine area also has been carried out in China in many coal 
mine areas. Li et al. [xviii] introduced the technology and experience of tilapia fishing in coal mine area 
in Peixian of Jiangsu province. Wetlands with deep water, stable subsidence, clean water and adequate 
water sources were taken; Oreochromis Niloticus, Tilapia Galilaea and Tilapia which were appropriate to 
fed in cage were taken. Zhang et al. [xix] introduced the technology of grass carp in wetlands in coal mine 
subsidence area in Rencheng District in Shandong province. Wetlands caused by subsidence with 
exposed groundwater were taken; cage area was under 1% of total water area; culture benefits improved 
by mixed cultivate of grass crap, silver carp and bighead carp. It provided valuable experience for high 
beneficial fish farming in wetlands in coal mine area. Jiang et al. [xx]  discussed the technology and 
economic values of cage fish culture in coal mine area in Lieshan District of Huaibei in Anhui province 
from 1991 to 1997,  and concluded that raise fish in wetlands got good benefits and the cost-
effective reached 1:1.36 of adult fish and 1:2.8 of species. Dong et al. [xxi] discussed the technology of 
terracing dynamic reclamation to build fish pond in Zhuxianzhuang Coal in Huaibei of Anhui province 
and got 37 million RMB economic incomes directly.  
5. Conclusions and discussion 
Based on restoration technologies and targets of wetlands in coal mine area, research advantages of 
wastewater treatment wetlands, landscape and ecosystem establishment and fish farming were 
summarized and it was concluded that water treatment wetland was constructed based on absorption by 
plants and biochemical effects by microorganism to treat acrid water with heavy metal concentration by 
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using fly ash as matrix, assembling phytoplankton and algae and controlling hydraulic conditions; 
landscape and ecosystem restoration should take account of regional characteristics, and build wetland 
parks and integrated ecosystem for both landscape and protection and restoration for biodiversity; fish 
farming should be based on appropriate water quality and take experience on selected fish species to 
assesse feasibility and economic benefits of fish farming in coal mine areas. 
Restoration of wetlands in coal mine areas in China still stays at preliminary stage now. According to 
research advantages, there is great development potential in the following aspects: 
(1) Constructed wetlands in coal mine area for water purification have superiority in saving money, 
protecting environment and ecological restoration. It should draw on and make use of the achievements of 
treatment wetlands of other countries to develop purification engineering in China. 
(2) Many small and medium-sized cities were built for coal mining in China and wetlands in 
subsidence are near to urban and suburban area. Developing landscape restoration to built wetlands can 
realize reclamation of coal mine area and improve living environment.  
(3) Fish farming in coal mine area has developed widely while quality monitor has not taken 
scientifically. Safety and feasibility of fish farming in coal mine area should be considered. Together with 
the improvement of restoration techonology and water quality of wetlands, high level culture will become 
major aspect for wetlands restoration. 
(4) Developing protection and planning work for wetlands in coal mine areas. Learning from the 
protection plans for wetlands in other countries, protection zones should be set to provide basic support to 
wetlands protection and restoration in coal mine area. 
(5) According to characteristics of wetlands in coal mine area, single restoration technology can no 
longer satisfy the high efficiency of wetlands. Restoration mode integrating purification, landscape and 
fish farming will become direct trend in future. 
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